We examined geographic variation between sexes in calls of Blue Petrel Halobaena caerulea, and at macro-(five archipelagoes) and microscales (seven islands). Using calls from 504 different individuals, we detected a significant geographic variation in males at both geographical scales, but not in females. Overall, the first syllables and silences, and some frequency parameters were highly variable between localities. In males, micro-and macroscale variations appeared equally significant, although more parameters were involved at a micro level. We discuss these results according to several hypothesis: vocal learning, environmental effect and population marker, and finally suggest that genetic drift, coupled with strong philopatry, may account for these differences. ied in birds. We examined geographic variation between sexes in calls of Blue Petrel Halobaena caerulea, and at macro-and microscales.
Geographical variation in a character suggests that selective forces vary according to location (Endler 1977) , and provides a key to evolutionary theory because it is linked to both adaptation and speciation (Mayr 1982) . Geographic variation in birds has been studied for morphological attributes and vocalizations Kroodsma 1980, Zink and Remsen 1986 ). Most studies of geographic variation of bird vocalizations have focused on Passeriformes, particularly the oscines (Mundinger 1982 , Kroodsma et al. 1984 . Although they comprise half of all bird species, oscines are not necessarily representative of them, because cultural transmission of vocal characteristics is so strongly developed in this group (Kroodsma and Baylis 1982) . Petrels (Order Procellariiformes) are interesting subjects for three reasons. First, they breed on remote oceanic islands, providing natural geographic isolation which should promote geographic differentiation. Second, adults as well as fledglings are highly philopatric, as documented by banding studies (Weimerskirch et al. 1985 , Thibault 1993 (Fig. lb) , which allowed analysis of geographic variation at a microscale level.
Birds were recorded between November and December within their breeding burrows during a single session of one or two nights at each locality except Mayes (Kerguelen Archipelago), where recordings were gathered over several years, but in different locations of the island. Furthermore, birds were individually banded on Mayes, and the band checked after tape recording. Thus, no bird was recorded twice. Tape recordings from all other breeding localities except southern Chile (Diego Ramirez Island; Fig. la) also were available for comparison. A sample of 404 different males and 100 females from 11 different breeding localities were obtained. Calls were analyzed on a real time spectrograph, using a computer with an analytic package that performs a 256 points step-size fast Fourier transform (sampling rate of 6,512 Hz; Richard 1991). Frequency and temporal resolutions were respectively 13 Hz and 1 msec. In order to describe calls as fully as possible, a total of 29 parameters were measured (Fig. 2) , including temporal, frequency and syntactic parameters (Genevois and Bretagnolle 1994). Temporal parameters were measured as the duration 
RESULTS

Statistical results of six MANOVAs and Discriminant
Analyses are presented in Table 1 . Wilks' Lambda values (Pillai' s or Hotelling traces gave the same results) were highly significant in the three analyses of males (Table 1) . However, the two measures of error rate estimates were sometimes rather high (ranging from 7 to 40%; Table l), and emphasized that although significantly variable between localities, calls also were variable within localities. Therefore, there was some overlap among populations. The situation for female calls was different, as Wilks' Lambda were not significant ( Table 1 ). indicating that geographic variation in female calls was nonexistent. It should be noted however that microgeographic variation in female calls approached significance, and that larger sample sizes may provide different results. Analyzing the 11 breeding localities together with ANOVA, a significant effect of locality was detected for most acoustic variables in males (Table 1) . Overall, the first syllables and silences, and some frequency parameters were highly variable between localities (Fig. 3) . Macro-versus microscale analyses showed different results. For instance, in males, few temporal parameters were affected by locality at a macroscale level, but the frequency parameters were (Table 1, Fig.  3) . At the microscale level, the situation was nearly reversed. In males, micro-and macroscale variations appeared equally significant, although more parameters were involved at a micro level (Table 1) A last intriguing point concerns microgeographic variation in calls. Cases of variation over a few kilometers have so far been reported only in dialects of passerines (Bjorklund 1989), which cannot explain microscale variation in the Blue Petrel. We suggest that both macro-and microscale variations have the same origin, namely extreme philopatry. In the Fairy Prion Pachyptilu turtur, a close relative to the Blue Petrel, genetic differences between populations a few kilometers apart was related to philopatry (Ovenden et al. 1991) , which also may account for call differentiation. Similarly, the fact that geographic variation is nonexistent in females may be a consequence of a lesser degree of philopatry in females than in males, as reported in several petrel species (Brooke 1990 , Thibault 1993 ).
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